








¦*	,%2008 5«	* 2011 2«#µ«­¾	*028êV/¡ă
í) rbcL yuû\¶õ)+Øf/ë*¼ø028Ãüý
Á/ëÝ°­¾	*0>028EBG028D>D028Ulva rigida 
) 0D028öà Ulva sp. 1 5Ø¼ø028
Óï-6EHG:1=
Éý§¨¬/M|(ª} 1.59 kg w. w./m2) ÖÀ,{_@:HG
$*-


























ô+ 2)*å¤028),·ò`'ÊÊÆ!Ą& £-, 4) 
Éq¥­¹	*wh-,2ÜäæÈ028UlvaRK13Ø,5)ć>4028 U. 
arasakii ChiharaU. californica WilleB:G028 U. conglobata KjellmanEBG028 U. fasciata Delile
;9C0>028 U. fenestrata Postels et Ruprecht22?028 U. lactuca LinnaeusD>D028 U. ohnoi 
Hiraoka et Shimada0>028 U. pertusa Kjellman0D028 U. reticulata ForsskålU. rigida C. Agardh (=
028E3 U. armoricana Dion, de Rivers et CoatU. scandinavica Bliding) 7<A028 U. spinulosa  
729-0292ÕoËÍrJè Õ}Êjù¾ºÊÆ×× 
*Tel: +81-84-936-2111, Fax: +81-84-936-2023, E-mail: yamag@ma.fuma.fukuyama-u.ac.jp 
a606-8171 OúOaINì·Ë 17 kÒé±SÔ.
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Shimada et al.3)' Hiraoka et al.8)¬±my}ÉQÕmÝ
/143EJH508-¥*Àú/14 rbcL (large subunit of ribulose-1,5-bisphosphate 
carboxylase/oxygenase) üS' ITS (Internal transcribed spacer1, 2) ĉ|}þc-¹ø¬±
3EJH508-¥*Ý/9/1411:1/4@9@/14E>H/14U. armoricana
-~t(Kawai et al.9)ITS2-%£×ÔK»ÃLñ5ÝhU. scandinavicaU. 
californica3EJH508¥Ý	x*-~t+(U. armoricana' U. 
scandinavicaCJG6;b10) 11)U. californicaj/AE2¾b*Ý+12)+"
¬±#(+(¹øÑ¯ù¬±Ü^Ý*ç(+3) 9)



















^ºËÄÅÅ®ä¶ 100 mV)(Ø½	a* (Figs 12a)
ÄÅĂ¯Mý(ÅMLýÁé/?B	åè*õ³duP]õ³-r$
2008 5°( 2011 2°"¸° 1unð 34uÅÅ®ê (Table 1) 
 Àú/14ë' ÌĀ-Â*$¿ÁÄÅĂ
ÁqzÓ 50 mD0H- 15 mĂĆ 3 ±òæmD0H 7nð 21õ³È-ò 
/?$&% "GBU:Y4, 
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Fig. 1. ERW`F1. 
a: /?-a10 .  b: /
?=JL>. 3 EZER
W`F#%*[S
	.  c: `F#%'_;
 21 `F;P*[
S	. 1 #% 7 
;P (iP) _;(X





Fig. 2. /?=JL>H9. 
a: /?=JL>+C. 3EZ`F#%*[S	.  b: Kb3VL> (2008@ 9D).  c: 62
Kb (2010@ 2D). d: OcdN;Q 1 m]"#&!. e: h97TOcd^NH9. f: \
AN;Q 50 cm]"#&!.  g-i: 2008@ (g)  2010@ (i)  11D)f$&% "M8
<2009@ (h)  11D)f$&% "M8. 
³~¬aw 
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 (Figs 1bc)Â¨sÃÛ½ü24:
ó+#ÁāĂÀ1ðóÀ 50 cmö




ü24:ó1ùą (Fig. 2f)ÁāĂÀ 1 mö
9AHM@1ÎsÃ9AHM@e½ü24:1ċ(
+¸1ä-čÙĒ©ÑÐ 0.01 kgēÁā






















 2009 3ª, 2011 1ª%¶ªú°¾,Å\Ä½ü2
4:ï[1¡ċR¢ñ1ÎHK=F 30 ®ý#hÚu1ð30 ®24:Ps
Ú¢nt1ú$2009  3 ª, 2010  2 ª% ¶ª 30 ®$:KDJ rbcL ÿiĀ







 ÁāĂá 40-75 mg % TāĂá 10-20 mg ï[1SăP¿[Üâ)Ø×
f|*6KON:1?®s²ma 
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DNeasy Plant Mini Kit (QIAGEN­) -£ DNA
]-Á] DNA-Ôh Takara Ex taq 
(Takara bio ­) -£ 95 1 ^×54 1 ^×
72 2 ^×- 30 715LT PCR -Á
PCR ¢´Ã BigDye Terminator v1.1 Cycle 
Sequencing Kit (Applied Biosystems­) -£715
L8O53N9-ÁABI PRISM 3130 Genetic 
Analyzer (Applied Biosystems­) -£kiÓ_-tPCR'8O53N9£DJ1GO
 Table 2¬ 









2008 5( 2010 1"f|x{(Ø 117XVÎ/47DNA ]-ÁPCR
l} rbcL ÐUq 1179ki*ÐUq`bÑ¶ 600kiÓ_-t=O:EO9ª®
kiÓ_ÉÇ-Á¸{(/@/47 (24 XV)KFN/47 (27 XV)H@H/4
7 (26XV)Ulva rigida (17XV)'B0KAN/H/47 2ki#¦* Ulva sp. 1 (25XV) 5
®	È$(+ (Figs 34)f| Ulva sp. 1/H/47ÀVº¨ r	-
 (Fig. 3h)$®dtW¤*5® rbcLkiÓ_®\m¦	#(+/
@/47#Ï 1ki 
§/@/47ÀV¼ËÑÕ	#(+ (Fig. 3b)ÂÙÅ·¾ÊÒ	R#-¿»
V	·¾Zu* (Fig. 3c) jc	ow! 4®¼ËÑÕ	#(+ (Fig. 3e)





~g 25.5 m (17.5-28.8 m) 
)U. rigida	P¥x~g 16.2 m (10.0-21.3 m)+Sn 3®Q×§p

)/@/47	~g 25.1 m (10.0-25.0 m)H@H/47	~g 23.2 m (12.5-25.0 m)Ulva sp. 1 	~g
22.6 m (10.0-22.5 m) 
x{(Ø©¡/47 75XV rbcLÐUqkiÓ_-t¸48XV	/@/47 
;<?I4E+1 






Fig. 4. rbcLc(7 11796565f/C:KGR	.7SUH. 
FB*&# * (1002Xaj50%) P. 
Fig. 3.  3=9LN<
Ah	Q Ulva 
spp. 
a-c: .  a: Mb
[)(2010 > 2 D).  b: [
)W`d. gJ




d-f: $!%.  d: M
b[) (2009> 11D).  e: 
[)W`d. gJ




(2009> 9D).  h: Ulva sp. 
1 Mb[) (2009 > 6 D). 
i: U. rigidaMb[) (2009
> 6D). 
O`.5=?>738 shZTK 
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20CB
 Ulva sp. 14CB
<9<2463CB
 Ulva rigida29246+# Ulva sp. 1!
$%c0CB
j/-qw_\.,/.=;>246 














	 ! 2010c 2o \} 8 8.73 kg w. w./m221\} z\D0bQLo v24
6 e~Y0 Fig. 5+# Table 3v246 ~Y! 0.001.59 kg w. w./m2 PT
J(lVy^.ZTK EN




 1.59 kg w. w./m2mp w_F v246 ! 15.9 t)
,/.2008c! 6o	, 10o&y^g11o	, 2009c 1o&5=?>738
$1xX
~Y!$% 0  g2 o!5=?>738










Fig. 5. O`]uw_.v246 e+#~Y ZTK. 
Lo e+#~Y!qw_ 21r\}.z\D bQD. 
qrx_HZ 
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=?6;}Â 30½µFS$* 5«OX.º ¯ºÀ.08024O




 8EÁ08024Ef«	OXp%#*'*Ulva sp. 1 2009w 8
















Fig. 6. \sor3>@?517S$*W«GFOX. 























 7 1.7÷ (27.8)8
 1.5÷ (28.6)2010 8 1.9÷



































q 1.59 kg w. w./m2©|QL(Å 1 ha)Å 15.9 tÙÃ"%(
}¬îe'/<A?3+5x´uê
q 10.1 t w. w./ha 14)	%"©|/<
A?3+5´uê
÷>8='













Fig. 7. õ~ºCßq§'i©¥«. 
õ~º¥·Üöl HP (http://www.pref.kanagawa.lg.jp 
/suisanshiken/)4A3)"M. 
XZaIy6D 
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Species and seasonal changes in biomass of green tide in Innoshima, Seto Inland Sea 
 
Yukimasa Yamagishi* and Kengo Kakimoto** 
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To clarify Ulva species forming green tide and seasonal changes of the biomass at the coast of Innoshima, Hiroshima 
prefecture, situated in the central Seto Inland Sea, we identified species of collected Ulva samples using molecular 
phylogenetic analyses and calculated wet weight of floating Ulva in this area every month from May 2008 to February 
2011. The rbcL sequence analyses showed the green tide in Innoshima consists of five species; (1) Ulva pertusa, (2) U. 
fasciata, (3) U. ohnoi, (4) U. rigida and (5) Ulva sp. 1 which is closely related to U. reticulata. The monthly biomass of 
the green tide were ranged from 0.00 to 1.59 kg w. w./m
2
. In 2008 and 2010 the green tide was disappeared from 
November to next January or February, on the other hand, it existed throughout the year in 2009. The ratio of the 
number of each species forming green tide was also investigated. The results show that Ulva pertusa is dominant in this 
area (67-100%) and other species were only few except the plants of Ulva sp. 1 were increased (33%) on September 
2010. 
 
Key words: green tide, Ulva species, biomass, molecular phylogenetic analyses, Seto Inland 
Sea  Innnoshima 
 
 
